Conviction narrative theory (CNT), a social psychological approach to the way economic agents take deisions under Knightian uncertainty, together with the new methodology of directed algorithmic text analysis (DATA), provide the opportunity for a theory of economic sentiment or animal sprits grounded in empirical facts. Applying DATA to the full text of the daily Reuters news feeds from January 1996 through November 2013, we derive an "animal spirits" series for both the US and the UK economy. Both series inform the movements in real GDP over the period. For example, in both countries there is a marked downturn in animal spirits in June 2007, well in advance of other indicators of the coming recession. The series may also explain why the subseqeunt recovery has been exceptionally weak from a historical perspective.
Introduction
The ingenuity of macroeconomic theories and empirical modeling can obscure a fundamental fact. Namely, that the process of decision making by agents involves sentient and social human responses to information events as well as a willingness to commit to action. In this paper, we look beyond the assumptions which are generally made to bypass the potential impact both of radical uncertainty and psychological variables on such responses.
We present evidence that rigorous techniques now exist to take mental states and their influence on expectations into account. We illustrate the techniques with an explanation not only of the slow recovery from 2009 in both the US and UK economies, but of several key macroeconomic phenomena in both the US and the UK over the 1996--2013 period.
Macroeconomic formulations are often founded on theories about the impact on a representative agent of changing expectations based on the microeconomic view that behavior responds to optimal Bayesian updating of the impact of new information. Harstad and Selten (2013) argue, in that specific context, that 'the fundamental tool of neoclassical economics is an objective function that maps the space of all relevant decision variables into a scalar' (p.505).
Socio--psychological factors introduce the possibility that the same set of values for the same relevant set of decision variables are capable of more than one interpretation, and hence more than one possible course of action.
The decision context of ontological uncertainty (Lane and Maxfield, 2005) envisaged as important by Knight (1921) and Keynes (1921) produces similar difficulties. In this case there is (ex ante) no knowable distribution of outcomes. The information value of each new item of information can only be imagined, with a level of conviction which itself may vary.
The limitations for modelling that are implied if one--to--one correspondence between information and expectations is removed is obvious. It has had the consequence that most economic models have maintained very constrained assumptions, in the hope that it is reasonable to assume the problem away.
However, it may still be the case that even under ontological uncertainty agents might respond in emotionally and socially systematically patterned ways. Economic sociologists, for example, argue that it is social--psychological factors embedded in the economy that allow it to work (Granovetter, 1985; Swedberg, 1993) . Likewise social and psychological factors are argued to influence interpretations of information and expectation formation (di Maggio 1997 (di Maggio , 2002 We aim to show that rigorous modelling of agent responses to information is possible; specifically that emotional shifts in agents' responses to information can be operationalized with predictive consequences. Our approach has two key building blocks. First, it relies on the social--psychological theory of conviction narratives (Chong and Tuckett, 2014) in which emotion and narrative capacity are seen as significant resources to allow economic agents to act and not just as sources of error. Second, we use new algorithmic text search methods based on conviction narrative theory (Tuckett, Smith and Nyman, 2014) to create what we term directed algorithmic text analysis (DATA) to extract patterns of meaning in narratives emerging from a large textual data base.
A point to emphasize is that we carry out directed algorithmic analysis of the textual data base. In other words, we do not follow approaches which use a more or less arbitrary list of words which might plausibly be held to convey different emotions, say optimism or pessimism and simply search for these. As we will outline, we do search for the appearance of particular words. But the psychological theory directs the search to words precisely indicative of just two emotions, namely 'excitement' and 'anxiety'.
The selection of the sets of words which convey such emotions is both grounded in and directed by the underlying theory and validated in laboratory settings (for example,
Strauss 2013).
The paper is organized as follows. First, we consider the growing interest in narrative and sentiment among some macroeconomists and how it has been approached, and then introduce Conviction Narrative theory. Second, after some discussion of other methods, we describe DATA, a new method for directed algorithmic text analysis, which we use to measure relative sentiment shifts within conviction narratives circulating within an economy, as reported in the Reuters News archive 1996--2013. Third, we present some results. Shifts in the time series reflect the impact of major events in the history of the US and UK economies. They suggest why the recovery from the recent recession has been weak, and give much earlier warning of the onset of recession than forecasters realized at the time. They also suggest that policy makers forestalled a major recession after the dotcom collapse and, further, they add explanatory power to an autoregressive model of GDP. We argue, therefore, that attention to the social--psychology of conviction narratives adds an important additional element to standard macroeconomic analysis.
Conviction Narratives
We can think of the economy as a system of coupled networks: a financial sector, non--financial companies, and individuals (consumers) (see for example ).
We can also suppose that a key feature which drives behavior in each of these sectors is a mental state supporting the capacity to take constructive long--term focused action within an economy at the current moment and to sustain such actions into the future.
Some information on the necessary underlying mental states has been available for Soo (2013) provided evidence from an analysis of narratives in local newspapers that sentiment may have had a significant effect on the development of the US housing bubble.
The first three papers just cited present evidence about narratives based on human audits of documents. Soo's work is notable because she looks at sentiment in narratives going beyond traditional sentiment measures 2 . Drawing on finance and accounting research on content analysis of documents and news 3 and recent methodological developments (Tetlock, 2007; Loughram and McDonald, 2011) , she employs several automated methodologies to measure positive and negative emotion in narratives about housing and to plot their relationship.
The choice of positive and negative affect has a history in behavioral economics, Emotion 4 is conceived in opposition to formal reasoning and as some kind of evolutionary residual contributing to automated "type 1" rather than "type 2" cognition (Kahneman, 2011) . Whether two systems of this sort actually exist (Giggerenzer and Reiser, 1996; Keren and Schull, 2009 ); or more broadly what emotions are for, is controversial in brain science. As Elster (1998) set out in a review of the relevance of emotion to economy, the economist's view of emotion as in conflict with reason is certainly at odds with a great deal of thinking in modern science. The contemporary view of the brain essentially is of bundles of cells that support perception and action and so aid homeostasis and survival by constantly attempting to match incoming sensory inputs with top--down prior expectations or predictions (Clark, 2013; Friston et al, 2012 Friston et al, , 2013 . Emotions are conceived not as outdated obstacles but as a biologically evolved resource able to facilitate action (see Chong and Tuckett, 2014; Bandelj, 2009; Barbelet, 2011 , Damasio, 1994 , 1996 , 199, 2000 Stets, 2010; Schull and Zaloom, 2011, 2 Such as mutual fund flows, dividend premia, the VIX index, surveys of home buyers, purchasing managers indices or consumer confidence indices, central bank soundings, etc.
3
For example, Antweiler and Frank, 2004; Engelberg, 2008; Li, 2008. Jegadeesh and Wu, 2011; Hanley and Hoberg, 2010; Kothari, Li and Short, 2009; Feldman and Segal 2008; Henry 2008. 4 For example, the "affect heuristic", endowment effect, optimism bias or loss aversion. Frith and Singer, 2008; de Oliveira--Souza and Moll (2011); Lange, van Gaal, Lamme and Dehaene, 2011) .
Conviction narrative theory is new in that it focuses on economic action, which is dependent not just on information but commitment. It builds on the view of emotion as a resource and narrative as a largely successful way of apprehending complex and uncertain situations so that they create conviction and a sense of truth (Bruner, 1986 (Bruner, , 1990 (Bruner, , 1991 Mar and Oatley, 2008) . The theory was used to understand money managers. They described the context in which they work as one in which they must act although ex ante relevant available information -for example about currencies, growth rates, the future of the Euro, firms' prospects and so on --was open to multiple interpretations. To act, they had to imagine the future price path of the entities in which they were interested (Tuckett, 2011, Chong and Tuckett, 2014) and to overcome their ambivalence (Smelser, 1998; Pixley, 2009; Tuckett and Taffler; , that is to say the emotional conflicts their situation created.
Emotional conflict is unavoidably triggered when economic actors have to make and sustain decisions over time. This is because their actions make them dependent on uncertain outcomes, which necessarily generate both anxiety about possible future loss and excitement about possible future profit. In order to act the imagined outcomes must excite sufficiently that any hypothetical doubts about the actions' future potential to create loss are overcome. Conviction narratives achieve the necessary support for action. Money managers think through "conviction narratives" which contain combinations of attractor and/or doubt repelling elements. Insofar as narratives contain a balance of excitement over anxiety, their narrative hypotheses allow financial actors to feel committed to their beliefs and to manage dependency on the uncertain future.
The uncertain context faced by money managers applies to any economic agent required to act and facing profit or loss in consequence when the future is some way off and uncertain. To act they require a conviction narrative. We define conviction as a state of mind of an individual and confidence as an emotional state belonging to a collective, such as a group or financial market (Chong and Tuckett, op.cit.) . We then think of a conviction narrative as an internal representation of each agent's environment that allows the agent to feel convinced enough to act in an uncertain context and to feel comfortable to sustain that action, although the future outcome of that decision is unknowable. We can also think of the collection of conviction narratives within the economy or its different sectors as expressing the current state of narrative confidence about the future.
In the next section we will discuss how we derive overall indices of shifts in the quantity of excitement and anxiety present in narratives about the economy, drawing on conviction narrative theory. The index of net excitement versus anxiety in narratives within an economy can be treated as an empirical measure of Keynes' concept of animal spirits.
Directed Algorithmic Data Analysis (DATA)
Machine learning algorithms offer the potential to carry out rigorous and extensive analysis of textual material in order to derive meanings and narrative from it (Hofmann, 2001; Ikonomakis, Kotsiantis & Tampakas, 2005; Pang, Lee & Vaithyanathan, 2002; Pang & Lee, 2005; Sebastiani, 2002; Turner, 2002) . Our approach has been to develop algorithms to analyze an archive of the daily Reuters news feeds published from the London and New York offices from 1 January 1996 through 30 November 2013, excluding articles classified by Reuters as about sport, the weather and "human interest".
The Reuters news archive is preserved for analysis in the form of CSV files of monthly collections of articles from a variety of publishers, including Reuters. At the time of our analysis it contained over 16 million English articles spanning the period from January 1996 onwards. Reuters provides extensive documentation of the various columns in each file, but here it suffices to note that we have made use of the 'date', 'language', 'text', 'attribution' and 'tags' fields. The 'date' field contains the publication date, the 'language' field the publication language, the 'text' field the main article text, the 'attribution' tag states the publisher and the 'tags' field contains a comma separated list of article tags provided by Reuters.
We consider only articles with RTRS (Reuters) as the attribution and English as the language. To separate out articles published in the London office, which we define as UK focused, we consider only those articles where the text field starts with 'LONDON'. To separate out articles published in the New York or Washington offices, which we define as US focused, we consider only those articles where the text field starts with 'NEW YORK' or 'WASHINGTON' respectively. Finally, to avoid articles tagged as 'Sport', 'Weather' or 'Human interest' we remove articles with tags SPO (sports), ODD (human interest) or WEA (weather) within the 'tags' field.
A formal exposition of the methods we use to create relative sentiment shifts or "animal spirits" time series from this data can be found in the appendix. To summarize, we aggregate the two collections of UK and US articles into two monthly series by the publication date, leaving us with approximately 7700 and 10100 articles per period in the UK and US respectively. For each monthly collection of articles we compute two emotional summary statistics, one for excitement (the attractor) and one for anxiety (the repellor), by applying a simple word count methodology. Two sets of emotion words, each of size approximately 150, indicative of the relevant emotions have been defined.
The lists proved useful in other studies (Tuckett, Smith and Nyman, op cit.) and have been validated in a laboratory setting (Strauss, 2013) .
The relevant "emotion score" (excitement or anxiety) is computed as the average number of defined emotion words per article found in the given monthly collection of articles. The next step, to measure animal spirits in the content of narratives within the collection, is to compute the difference between the attractor (exciting) and repellor (anxiety) emotion scores. For all articles published in month t we arrive at a value of animal spirits assigned to the 1 st of month t+1. For the formal definitions we refer to the appendix.
Results and Disussion
Figures 1 and 2 plot, respectively, our measure of animal spirits for the US and the UK over the period January 1996 through November 2013. The series are normalised in order to make them directly comparable.
The two series share a number of similarities. This is not surprising, given that the correlation between the levels is 0.902 and between the monthly changes 0.757.
A number of major events are labelled. We discuss these briefly before considering some important but less immediately obvious aspects of the results. Six observations stand out. We are not suggesting that the animal spirits series will always offer accurate, point predictions of the future course of GDP. The track record on forecasting GDP growth suggests that consistently accurate prediction is an exceptionally difficult problem, with forecast errors of a comparable magnitude, albeit somewhat smaller, than the variability of the data itself. However, we do believe we have provided evidence to argue that we have created a potentially useful way to capture social--psychological dynamics within an economy. If so, the omission of such variables by simplifying assumptions that make little sense in the context of the reality of making decisions under uncertainty established in the wide scientific community is no longer necessary.
6. The animal spirits series in both the US and the UK adds explanatory power to an autoregressive model of the data for short--term prediction purposes. We obtain quarterly data for the animal spirits series by averaging the three monthly observations within each quarter. We use the latest estimates of quarter--on--quarter GDP growth, although of course over time these be subject to The animal spirits series is available immediately at the end of any given quarter, 
Conclusion
In this paper, we aimed to discover if, given that techniques now exist to take mental states and their influence on expectations into account, we could quantify the possible impact of social and psychological variables on shifts in the British and American economies. We argue this approach operationalizes Keynes' concept of animal spirits
Given ontological uncertainty, we argued agents may be more or less emotionally convinced that the information they have available provides the grounds to invest in opportunities which they hope may succeed but could also be loss--making.
To capture changes in the conviction agents have when making such decisions through time, we have derived indicators of shifts in the emotional content of narratives and used them in conjunction with standard algorithmic text search methodologies, directed by our approach to emotion.
Analyzing an extensive database of Reuters news feeds, we have extracted shifts in "animal spirits" across time. Shifts in animal spirits (relative sentiment), measured in this way, turn down sharply in June 2007 in both the US and the UK economies, well in advance of forecast changes and standard survey measures of confidence.
Further, the animal spirits series account for the historically very weak recovery from the middle of 2009 to the present. Although the animal spirits series trends upwards, especially from 2011, the average is much lower in both the US and the UK than it was previously, and the standard deviation is much higher. Animal spirits have been not only low, but the degree of belief, of conviction to act, associated with any given level has been weak, as the high variability shows.
The animal spirits series do require interpretation. We are not suggesting that there is a time--invariant relationship between changes in the series and subsequent changes in real output over a one to two year time horizon. But we have shown that the series are informative at several key points over the 1996--2013 period. They have systematic explanatory power in very short term (one quarter ahead) projections of GDP growth.
We are certainly not suggesting in any way that the approach outlined constitutes the last word in creating ways to operationalise the concept of animal spirits. Rather, it illustrates the potential for obtaining different perspectives on the economy at the macro level in ways which have not previously been feasible. The purpose of this paper has bot been offer definitive explanations but to illustrate how the theoretical concept can be operationalised and time series of animal spirits constructed.
There were many reasons why macroeconomists chose not to follow Keynes ideas about animal spirits or have largely defined away the problems that arise if decisions must be made under ontological uncertainty. We believe that the method we have developed opens at least one way to begin to reverse this neglect. As it happens and depite our results, journalsts at Reuters News are instructed to write balanced emotionally neutral accounts. Reuters data is not rich in emotional content. Other data sources like broker reports may create more nuanced opportunities. Meanwhile, we believe we have shown it is possible to undertake rigorous analysis of mental states in the economy and that through exploring systematic shifts in mental states it will be possible to add to the understanding of economic change. It may also prove useful for detecting a wider range of responses to policy changes.
We can now define how we measure animal spirits within the two series above.
Definition 3: Animal Spirits
Given any topic of interest, we will define its information content within a collection of texts by the average number of times any token in the collection of tokens describing the topic appear in the texts. More specifically we use the following information metric:
where T is a collection of texts t, each a list of tokens w, and d is a set of tokens representing the topic. Thus, our metric counts the number of topic tokens in the list of texts (e.g., articles) and scales that number by the total number of texts.
If we let a collection of anxiety words, A, and excitement words, E, describe the topic, d, in the above definition we arrive at the emotional statistics of interest, which we will denote = , and = , .
For our measure of animal spirits we consider the difference of the two statistics. This turns out to be much more illustrative of the phenomena we measure and captures the contextual nature of emotion. We formally define this as
This allows us to create monthly time--series of animal spirits, for the UK and the US, by aggregating the UK and US collections by the date field,
where ℘ denotes the set of distinct monthly time--periods (i.e. a set of sets of dates) covering the entire period from January 1996 through November 2013.
